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SYSTEMS AND METHODS FOR EXTRACTING POWDERS FROM 

RECEPTACLES 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application is a continuation in part application and claims the benefit 

of U.S. Provisional Patent Application No. 60/172,317, filed December 17, 1999, the 
complete disclosure of which is herein incorporated by reference. 

BACKGROUND OF TTO INVENTI^^^ 

10 This invention relates generally to the field of drug delivery, and in 

particular to the pulmonary dehvery of powdered medicaments. More specifically, the 
invention relates to techniques for extracting powdered medicaments fi-om receptacles 
during the aerosolizing process. 

One promising way to deUver various drugs to a patient is by puhnonary 

15 delivery where a drug dispersion or aerosol is inhaled by the patient to permit the active 
drug within the dispersion to reach the distal or alveolar regions of the lung. Pulmonary 
drug delivery has shown to be particularly promising because certain drugs have been 
found to readily absorb within the blood circulation. For example, puhnonary delivery 
may be a usefiil approach for proteins and polypeptides that are difficult to deliver by 

20 other routes of administration. 

A variety of techniques have been employed to deliver drugs to the lungs 
including liquid nebulizers, metered dose inhalers, and the like. Of particular interest to 
the invention are dry powder dispersion devices that are able to aerosolize powdered 
medicaments for inhalation by the patient. Exemplary apparatus for aerosolizing 

25 powdered medicaments are described in U.S. Patent Nos. 5,458,135, 5,775,320, 
5,740,794, 5,785,049, and 6,089,228, and copending U.S. Patent Apphcation Nos. 
09/312,434, filed June 4, 1999, 60/136,518, filed May 28, 1999, 60/141,793, filed June 
30, 1999, and 09/583,312, filed May 30, 2000, the complete disclosures of which are 
herein incorporated by reference. 

30 At least some of the apparatus described in the above references utihze a 

high pressure gas stream to draw the powder into an extraction tube where the powder is 
deagglomerated, entrained in the high pressure gas stream, and exits as an aerosol suitable 
for inhalation. In some cases, such apparatus may utilize a receptacle that has a 


penetrable lid. The extraction tube is inserted through the lid and a vent is also formed in 
the lid. The high pressure gas stream then draws air through the receptacle and into the 
extraction tube. The air drawn through the receptacle extracts the powder where it joins 
with the high pressure gas stream to form the aerosol. The powder is deagglomerated by 
5 the high shear forces in the gas flow. 

This invention is related to alternative ways to extract powder from 
receptacles that store the powder. 

. - - SUMMARY. OF THE INVENTION 

10 The invention provides apparatus and methods for aerosolizing powders 

for subsequent inhalation. Such powders may conveniently be sealed within a cavity of a 
receptacle until ready for aerosolization. According to one method, an access end of an 
extraction tube is inserted into the cavity, and an inlet opening is also fonned in the 
receptacle. A pressurized gas at high velocity is flowed through the inlet opening, 

15 through the cavity and through the extraction tube to move the powder in the cavity into 
the extraction tube where the powder is entrained in the gas to form an aerosol. The high 
velocity gas stream assists in scouring sides of the cavity in order to facilitate removal of 
the powder. The high velocity gas stream also produces a mechanical impulse against the 
walls of the receptacle, freeing the film of powder with a "flick". 

20 In one aspect, a seal is produced between the receptacle and the extraction 

tube. By permitting the pressurized gas to enter the cavity only through the inlet opening, 
substantially all of the entering gas flows into the extraction tube along with the powder 
within the cavity. In some cases, multiple inlet openings may be fonned to permit the 
pressurized gas to flow into the cavity from miultiple locations. In a similar manner, 

25 multiple outlet tubes may be inserted into the cavity to extract the powder from multiple 
locations. In a further aspect, the gas may be pressurized to a pressure in the range from 
about 1 psi to about 300 psi. 

In another aspect, the inlet opening may be formed by piercing the 
receptacle with an access end of an inlet tube. In this way, the pressurized gas may be 

30 flowed through the inlet tube and into the cavity. Conveniently, the pressurized gas may 
be stored within a container. In this manner, the pressurized gas may be released from the 
container to permit the pressurized gas to flow through the inlet opening. In one aspect, 
the container may comprise a cylinder, and a piston may be moved within the cylinder to 
produce the pressurized gas. Alternatively, the gas source may be a Uquefied gas which 
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is introduced into the receptacle where it vaporizes. In one particular aspect, the aerosol 
may be captured in a capture chamber where it may be inhaled by a patient. 

In another embodiment, the inlet opening is formed in the bottom of the 
cavity such that the hole is generally aligned with the access end of the extraction tube. A 
5 pressurized gas is then flowed through the inlet opening in the bottom end of the 

receptacle and then through the extraction tube to move the powder in the cavity into the 
extraction tube where the powder is entrained in the gas to form an aerosol. Optionally, 
the receptacle may be configured as described in copending U.S. Application Nos. 
.60/172,317, filed December.17, 1999 and , . , filed on the same date as the . 
10 present application (Attorney Docket No. 15225-005420), the disclosure of which is 
herein incorporated by reference. For example, the receptacle may include a raised 
central region that extends upwardly into the cavity and is generally aligned with the 
extraction tube. 

The invention further provides an apparatus for aerosolizing a powdered 
15 medicament. The apparatus comprises a housing for holding a receptacle having a cavity 

that holds a powder. A hole is provided in the housing to form an inlet hole in the 

receptacle. Further, at least one extraction tube is provided for placement into the cavity. 

The apparatus further includes a pressure source to provide a pressurized gas into the 

cavity through the inlet hole to permit the pressurized gas to flow through the cavity at a 
20 relatively high velocity and then through the extraction tube. In so doing, the pressurized 

gas moves the powder in the cavity into the extraction tube where the powder is entrained 

in the gas and deagglomerated by the large shear forces to form an aerosol. 

In one aspect, the hole forming mechanism comprises at least one inlet 

tube having an access end that is adapted to pierce the receptacle. Further, the pressure 
25 source is coupled to the inlet tube. Seals may be formed between the receptacle and the 

inlet and extraction tubes so that gases may only enter into the cavity through the inlet 

tube and may exit only through the extraction tube. 

In another aspect, the pressure source comprises a cylinder, and a, piston 

that is slidable within the cylinder. A valve is utilized to release the pressurized gas from 
30 the cylinder. The pressurized gas may be at a pressure in the range from about 1 psi to 

about 300 psi. 

In yet another aspect, the extraction tube may have an access end that is 
adapted to pierce the receptacle. Further, a capture chamber may be coupled to the 
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housing to receive the aerosol The capture chamber may include a mouthpiece to permit 
the aerosol to be inhaled. In one aspect, the capture chamber may include a vent with flap 
valve to permit gases to enter into the capture chamber as the aerosol is inhaled. 

In another embodiment, the housing may include a holder for holding the 
5 receptacle. The piercing mechanism may be configured to pierce an inlet opening in a 
bottom end of the receptacle. With this configuration, the extraction tube may be placed 
into the cavity so as to be spaced above the bottom end of the receptacle and to be aligned, 
with the opening in the bottom end. In this way, the pressurized gas may flow through 
the inlet opening in the bottom end of the receptacle and into the extraction tube to move 
10 the powder from the cavity and into the extraction tube where the powder is entrained in 
the gas to form an aerosol. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a top view of one embodiment of a receptacle for holding a 
15 powder according to the invention. 

Fig. 2 is a cross sectional side view of the receptacle of Fig. 1, taken along 

lines 2-2. 

Fig. 3 is a schematic side view of an embodiment of an aerosolizing device 
according to the invention. 
20 Fig. 4 is a schematic side view of another embodiment of an aerosolizing 

device according to the invention. 

Fig. 5 is a schematic side view of still another embodiment of an 
aerosolizing device according to the invention. 

Fig. 6 is a schematic side view of yet another embodiment of an 
25 aerosolizing device according to the invention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The invention provides exemplary techniques and equipment for extracting 
powder that is held within a receptacle, typically within a sealed cavity. In one aspect, 
30 the powder extracted is entrained in a high pressure gas stream to aerosolize the powder 
so that it will be suitable for inhalation by a patient. The invention may be utilized with 
essentially any type of receptacle within which the powder is sealed. Merely by way of 
example, one type of receptacle that may be utilized with the invention are widely 
available "blister packs'*. Examples of other types of receptacles are described in U.S. 
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Patent No. 5,740,794 and co-pending U.S. Application No. , filed on the same 

date as the present application, (Attorney Docket No. 15225-005420), previously 
incorporated by reference. However, it will be appreciated that the invention is not 
intended to be limited to these specific types of receptacles. 

5 The powders of the invention may be extracted by creating an opening or 
access way into the receptacle and introducing a pressiirized gas, such as air, into the 
receptacle at a relatively high velocity. The high pressure gas is used to "blast" the 
powder loose and then remove the loosened powder fi-om the cavity through the access 
way, Such a technique is particularly useful in reducing the amount of material 

10 remaining within the cavity, including any remaining loose powder, chunks of powder, 
and/or films of powder. In this way, the amount of powder available for inhalation is 
increased. Further, such techniques insure a more consistent dosage each time an 
aerosolization device is operated. Also, the action of the high pressure blast has been 
demonstrated to produce a low average particle size, indicating successful 

15 deagglomeration. 

The pressurized gas that is introduced into the cavity is used to both reduce 
the boundary layer of fluid flow at the surface of the cavity until it is smaller than the 
particle size and to propel particles at a high velocity so that they impact the cavity 
surface. In this way, the cavity surface is scoured to remove any powder. The 

20 pressurized gas is preferably introduced into the cavity at a relatively high velocity and 
low volume so that it dissipates most of its energy within the receptacle. To produce such 
a high gas flow, a source of pressured gas may be employed. The plumbing between the 
gas soiirce and the cavity is preferably configured such that the volume available for 
expansion and the flow resistance are nmmnized. In this way, energy losses experienced 

25 when transferring the gas firom the source to the cavity are minimized. By maintaining 
the gas at a high energy level, a low volume, high velocity gas flow is produced within 
the cavity to more effectively scour the powder firom the cavity. In this way, less powder 
is left in the cavity, even when the receptacle has been exposed to harsh shipping 
conditions which normally tends to compact it into a thick film of powder. 

30 Merely by way of example, when used with powders having a mean size in 

the range from about 0.5 ^m to about 10 |im, and more preferably from about 0.5 \xm to 
about 5 |im, that are stored within a cavity having a volume sufficient to hold up to about 
50 mgs of powder, the gas stream may be at a pressure within the range from about 1 psi 
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to about 300 psi when entering the cavity. Further, the volume of the gas may be in the 
range from about 1 cm*^ to about 20 cm^ (STP). 

A variety of techniques may be employed to create the high pressure gas 
stream to cause the air to be drawn through the receptacle, including, for example, forcing 
5 a piston into a cylinder, use of gases having a high vapor pressure, expansion of a liquid 
to a gas, and the like. Various techniques for producing the high pressure gas stream are 
further described in, for example, U.S. Patent Nos. 5,740,794, and copending U.S. Patent 
Application Serial Nos. 09/004,558, 09/312,434, 60/136,518 and 60/141,793, previously 

. incorporated herein by reference. Gases that may.be used to produce the gas stream. 

1 0 include air, CO2, HFCs, CFCs, and the like. 

One exemplary way to channel the exiting powder is by use of an 
extraction tube that is inserted into the cavity. This tube may have a sharpened edge to 
permit the extraction tube to penetrate the receptacle cavity. Further, a seal may be used 
to ensure that the gas that is introduced into the cavity exits only through the extraction 
15 tube. In a similar manner, an inlet tube may be used to introduce the high pressure gas 
into the receptacle cavity. 

The pressurized gas may be introduced into the cavity at one or more 
locations, and may exit through one or more extraction tubes. These may be located at a 
variety of locations within the cavity. For example, the inlets and outlets may be formed 
20 in a top end of the receptacle. Alternatively, a hole may be formed in the bottom end of 
the receptacle, and the extraction tube inserted into the top end of the receptacle so that it 
is generally aUgned with the hole. The high pressure gas stream may then be flowed 
through the bottom hole and into the extraction tube. As another example, the high 
pressure gas may be introduced at opposite ends of the cavity, with the extraction tube 
25 being located between the inlets. Alternatively, the inlet may be at one end, and the outlet 
at the other end. In another aspect, the inlet tube may be positioned at an angle relative to 
the extraction tube to create a swirling effect within the cavity, thus enhancing the 
scouring of powder from the sides of the cavity. 

Hence, by directly introducing a gas at a high flow velocity into the cavity, 
30 a greater amount of powder may be extracted from the cavity, thereby increase the 

emitted dose. Further, the standard deviation of the emitted dose may be reduced. Such 
techniques also increase the effectiveness in removing the powder with receptacles that 
have been shipped or transported which tends to agglomerate the powder or to cause the 
I powder to adhere to the sides of the cavity. 
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Referring now to Figs. 1 and 2, one embodiment of a receptacle 10 that 
may be used with the invention will be described. However, it will be appreciated that a 
wide variety of other receptacles may be used as previously described. Receptacle 10 
comprises a receptacle body 12 having a top end 14 and a bottom end 16 (see Fig. 2). 
5 Conveniently, a tab 18 may be provided to facilitate handling of receptacle 10. 

Receptacle body 12 defines a cavity 20 into which a powder is sealed. Conveniently, 
receptacle body 12 may be constructed firom essentially any type of material that is 
compatible with the powder held within cavity 20. Examples of materials that may be 
used include metals, such as aluminum, composites, plastics, and thejike. One 

10 convenient way to construct receptacle 10 is to provide a thin strip of metal or composite 
and then pressing cavity 20 using a die. Another thin strip of metal may then be attached 
to the strip having the cavity to enclose and seal the cavity. Conveniently, ultrasonic 
welding, laser welding or heat sealings may be employed to adhere the two metal strips 
together. However, it will be appreciated that other techniques and materials may be 

15 employed to construct receptacle 10. Further, a number of receptacles may be formed as 
a single strip for multi-dose aerosolizers. 

Cavity 20 has a generally circular or oval outer periphery 22 and is formed 
of a continuously curved wall 24 that may include a raised central region 26 at or near a 
center of the receptacle. In this way, a generally hemispherical or semi-toroidal interior is 

20 formed. Alternatively, the bottom may be substantially flat in geometry to facihtate its 
placement onto a holder. 

Shown schematically in Fig. 3 is an aerosolizing apparatus 34 that may be 
employed to aerosolize a powdered medicament. Apparatus 34 comprises a base 36 
having a holder 38 for holding a receptacle 40. Holder 38 includes a knob 42 to permit 

25 receptacle 40 to be moved up and down as shown by the arrows. Also included within 
base 36 is an extraction tube 44 having a bottom end 46. By moving knob 42, extraction 
tube 44 may be inserted into receptacle 40 as shown. Alternatively, extraction ttibe 44 
may be constructed to be movable so that it may be moved into receptacle 40. 

Positioned below holder 38 is a pressure source 48 and an introduction 

30 tube 50. Pressure source 48 and/or introduction tube 50 may be moved vertically upward 
as illustrated by the arrows to pierce receptacle 40 and insert introduction tube 50 into or 
adjacent to receptacle 40. An amount of pressurized gas may then be released from 
pressure source 50 where it flows through the hole in the bottom end of receptacle 40 and 
into bottom end 46 of extraction tube 44. As one alternative, holder 42 may be lowered 


while pressure source 48 is kept stationary to form the hole in the bottom end of 
receptacle 40. 

Positioned on base 36 is a capture chamber 52 having a mouthpiece 54. 
With such a configuration, receptacle 40 may be placed into holder 38 and extraction tube 
5 44 inserted into receptacle 40. A hole may then be formed in the bottom end of 
receptacle 40 and a pressurized gas from pressure source 48 released to cause a high 
pressure gas stream to flow through extraction tube 44. In so doing, air flows through the 
cavity and mto extraction tube 44 where the powder is aerosolized and ejected into 
capture chamber 52. Because the powder in receptacle 40 was initially sealed, gases may 
10 only enter through the hole in the bottom end and may only exit through extraction tube 
44. 

Figs. 4-6 schematically illustrate other aerosolization apparatus that 
introduce a high velocity gas stream into a receptacle to remove and aerosolize the 
powder. Referring first to Fig. 4, an aerosolization apparatus 60 will be described. 

1 5 Apparatus 60 comprises a capture chamber 62 that is used to capture the aerosolized 
powder. Although not shown for convenience of illustration, capture chamber 62 is 
positioned on top of a housing which holds the various components of aerosolization 
apparatus 60. Such a housing is adapted to receive a receptacle 64 having a cavity 66 
which holds a powder to be aerosolized. Apparatus 60 fiirther includes a gas flow 

20 assembly 68 that is used to direct a high pressure gas into cavity 66 and to provide an exit 
path into capture chamber 62. More specifically, gas flow assembly 68 includes an inlet 
tube 70 to direct the high pressure gas into cavity 68 and an extraction tube 72 which 
permits the high pressure gas and entrained powder to exit into capture chamber 62. 
Conveniently, inlet tube 70 includes a sharpened end 74, and extraction tube 72 also 

25 includes a sharpened end 76. In this way, tubes 70 and 72 may pierce the top surface of 
receptacle 64 to gain access into cavity 66. To pierce the top surface, gas flow assembly 
68 may be moved against receptacle 64 or vice versa. For example, receptacle 64 may be 
held within a movable carriage that forces receptacle 64 against ends 74 and 76 when the 
powder is ready to be aerosolized. 

30 To supply the pressurized gas, aerosolization apparatus 60 fiirther includes 

a pressure source 78 that comprises a cylinder 80 and a piston 82 that is slidable within 
cylinder 80. Connecting pressure source 78 to inlet tube 70 is a tube 84. Disposed 
between tube 84 and pressure source 78 is a valve 86. In operation, piston 82 is moved 
within cylinder 80 to provide a pressurized gas. When the user is ready to aerosolize the 


powder, valve 86 is opened to permit the high pressure gas to flow at a relatively high 
velocity into cavity 66. The high pressure gas stream has sufficient energy to 
deagglomerate the powder within cavity 66 as well as to scour any adhered powder from 
the sides of cavity 66. The powder is then forced by the high pressure gas stream into 
5 extraction tube 72 where it flows into capture chamber 62 and is available for 

aerosolization. The high shear rate inside the extraction tube further deagglomerates the 
powder. To prevent the high pressure gas from escaping through the openings created m 
receptacle 64, a seal 88, such as an epoxy or elastomer gasket, may be provided between 
gas flow assembly 68 and the top end of receptacle 64. , The inlet tube 70 may also have a 

10 small hole 71 in it above the receptacle to pressurize the space above seal 88 and further 
reduce the likelihood of leaking some powder laden gas. In this way, gases may be input 
into cavity 66 only through inlet tube 70 and escape only through extraction tube 72. 

To facilitate the removal of the aerosolized powder from capture chamber 
62, a vent 90 may be provided in capture chamber 62. Alternatively, an alternative flow 

15 path may be provided through gas flow assembly 68 to permit outside chase air to be 
drawn into capture chamber 62 upon inhalation by the user. 

Conveniently, aerosolization apparatus 60 may be constructed to be 
compatible with many of the components used to construct the aerosoUzation devices 
described in U.S. Patent Nos. 5,458,135, 5,775,320, 5,740,794, 5,785,049, and 6,089,228, 

20 and copending U.S. patent application serial nos. 09/3 12,434, filed June 4, 1999, 

60/136,518, filed May 28, 1999, 60/141,793, filed June 30, 1999, and 09/583,312, file 
May 30, 2000, previously incorporated by reference. For example, gas flow assembly 68 
may conveniently be interchanged with the multi-flow ejector devices described in these 
patents. Further, the pressure sources of the aerosoUzation devices described in these 

25 patents may alternatively be used as pressure source 78 of aerosolization apparatus 60. 

Although not shown, it will further be appreciated that aerosolization 
apparatus 60 may include various other components to facilitate operation. For example, 
a handle may be employed to move piston 82 within cylinder 80 in a manner similar to 
that described in connection with U.S. Patent Nos. 5,740,794 and 6,089,220 and 

30 copending U.S. Patent Application No. 09/3 12,434. Further, a fire button may be used to 
open valve 86 after the gas has been pressurized. Also, a mouthpiece may be coupled to 
capture chamber 62 to facilitate extraction of the aerosolized powder from capture 
chamber 62. Other features such as keyed receptacles, removable/disposal components, 
and the like may also be used. 


Referring now to Fig. 5, another embodiment of an aerosolization 
apparatus 92 will be described. Apparatus 92 is similar to apparatus 60 and, for 
convenience of discussion, is labeled with the same reference numerals having identical 
components. With apparatus 92, the tip of extraction tube 72 is cut at an angle of 
5 approximately 30 to 45 degrees and includes a notch 94 just above end 76. Tube 72 cuts 
a flap in the top of cavity 66 during insertion. The notch 94 permits free flow into tube 72 
so that pressure in the cavity does not force the flap against the tube opening in end 76 
and impede flow. 

. _ ^ Referring now to Fig. 6, an aerosphzation apparatus 96 will be described. 

10 Apparatus 96 includes a capture chamber 98 that is coupled to a housing (not shown). 

Capture chamber 98 may optionally include a vent or flap valve 100 to permit chase air to 
enter into capture chamber 98 when the aerosolized powder is extracted in a manner 
similar to that previously described in other embodiments. 

Apparatus 96 further includes a gas flow assembly 102 that is employed to 

15 direct a high pressure gas into a cavity 104 of a receptacle 106 and to direct the gas 
stream with the entrained powder into capture chamber 98. Gas flow assembly 102 
includes a generally open interior 108 that is defined by the sides of assembly 102 and a 
cover 1 10. Gas flow assembly 102 includes a pair of inlet openings 1 12 to permit a high 
pressure gas to be introduced into cavity 104. Conveniently, a pair of piercing elements 

20 1 14 are provided on gas flow assembly 102 to pierce the top end of receptacle 106 to 
provide access to cavity 104. This may be accomplished by forcing gas flow assembly 
102 against receptacle 106 or vice versa. 

When receptacle 106 is coupled to gas flow assembly 102, flow paths are 
provided into cavity 104. Gas flow assembly 102 further includes an extraction tube 116 

25 to permit the gas stream with the entrained powder to be directed into capture chamber 
98. Conveniently, extraction tube 1 16 may include a sharpened end 118 that also pierces 
receptacle 108 to gain access into cavity 104. Such a design is similar to the multi-flow 
ejector described in U.S. Patent No. 6,089,228, previously incorporated by reference. 

Coupled to gas flow assembly 102 is an inlet tube 120 which in turn is 

30 coupled to a high pressure gas source 122 via a valve 124. Gas source 122 comprises a 
cylinder 126 and a piston 128 that is slidable within the cylinder. 

In operation, receptacle 106 is inserted into the housing and piercing 
elements 114 and sharpened end 118 are inserted into cavity 104. Piston 128 is moved 
within cylinder 126 to pressurize the gas. Valve 124 may then be operated to release the 


high pressure gas where it flows with a high velocity into interior 108. From interior 108, 
the high velocity gas flows through inlet openings 1 12 into cavity 104. The high velocity 
gas stream deagglomerates the powder and causes the sides of receptacle cavity 104 to be 
scoured of powder. The powder is then directed by the gas stream into extraction tube 
1 16 where it enters into capture chamber 98. The patient may then inhale from a 
mouthpiece to transfer the aerosolized powder to the lungs. 

As with other embodiments, the various components of aerosolization 
apparatus 96 may be included within the aerosolization devices described in U.S. Patent 
Nos. 5,458,135, 5,775,320, 5,740,794, 5 J85,049, 6,089,228, and copending U.S. Patent 
Application Nos. 09/312,434, filed June 4, 1999, 60/136,518, filed May 28, 1999, 
60/141,793, filed June 30, 1999, and 09/583,312, file May 30, 2000. Further, many of the 
features described in these patents may also be incorporated into aerosolization apparatus 
96 as previously described. 

The invention has now been described in detail for purposed of clarity of 
understanding. However, it will be appreciated that certain changes and modifications 
may be practiced within the scope of the appended claims. 
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